Brassinolide (BR), which is the most biologically active brassinosteroid, was used to examine the potential effect of hormone on cotton somatic embryogenesis. Ten-day-old cotton (Gossypium hirsutum L., cv. Cooker) seedlings were used for explant source and hypocotyls were removed and cultured on MS basal medium with B5 vitamins supplemented with 1 mg/L 6-benzylaminopurine + 0.5 mg/L kinetin for callus induction. After one month proliferating calli pieces were collected and cultured on MS basal medium containing various concentrations of BR (0.1, 0.5, 1.0 µM) with their controls. BR treatments were negatively effective on the fresh weight of calli when compared to control. Differential somatic embryogenesis maturation rates due to BR treatment were observed. Somatic embryogenesis was stimulated especially for transition to cotyledonary phase at 0.5 mg/L BR. Histological preparations from embryogenic calli and somatic embryos at different stages of development revealed the spontaneous polyploidisation during early somatic embryogenesis on BRtreated calli. Present results suggest that BR negatively effected calli growth, however, had a stimulating role in maturation of somatic embryos.
Introduction
Brassinosteroids are a class of plant steroid hormones whose general effect is the promotion of cell elongation, cell division and differentiation throughout the plant life cycle (Clouse, 2002; Mussig, 2005) . There are some reports on BR effects on in vitro cultured plant developmental stages, such as the improvement of embryogenic tissue initiation in Cocos nucifera (Azpetia et al., 2003) and conifers and rice (Pulmann et al., 2003) . Although there are reports on exogenously applied brassinosteroid on cotton fibers development in ovule cultures (Sun et al., 2005) , the effect of brassinolide (BR; a type of brassinosteroid) on cotton tissue culture needs to be evaluated. Cotton regeneration via somatic embryogenesis is strongly affected by genotypes. Recently we have developed high frequency somatic embryo formation protocol using two different cytokinins (Aydin et al., 2004) . There are also reports on brassinosteroids in the culture medium as a cytokinin substitute or complement (Garcia, 2000; Nunez et al., 2004) .
To investigate the effects of BR on the in vitro cultured cotton calli we used our system for regeneration experiments. One-month-old calli were exposed to exogenous BR and then the calli growth and regeneration via somatic embryogenesis were investigated. Apart from the regeneration studies, histological analyses were undertaken to place the changes in growth of the cultured embryogenic material.
Material and methods
Cotton hypocotyls culturing for somatic embryogenesis Seeds of cotton (Gossypium hirsutum L., cv. Cooker) were delinted with sulfuric acid and washed with water for 3 h. For surface sterilization, seeds were initially deeped in 70% ethanol for 2 min, rinsed with sterile distilled water for 3 min and kept in 20% commercial bleach for 20 min. After three rinses in sterile distilled water, seed coats were removed and cultured on MURASHIGE & SKOOG (1962) (MS) media, 30 g/L sucrose and 2.2 g/L Phytagel for germination. Hypocotyls were dissected from 10-day-old in vitro grown seedling and cultured for callus induction on MS basal medium + B5 vitamins + 30 g/L sucrose + 2.2 g/L Phy- tagel + 1 g/L PVP + 1 mg/L BAP + 2 mg/L kinetin. Fifty hypocotyls explants were used as starting material, one-month-old calli pieces (0.4 g) from responding explants were transferred on the same MS media in small Petri dishes on a filter paper supplemented with 0.1, 0.5 and 1.0 µM BR with their controls and incubated in the growth chamber under dark conditions. Calli developed cotyledonary somatic embryos were taken periodically on hormone free MS media starting the 10 th week till the 29 th week of cultures for maturation and the matured embryos were transferred to gibberellic acid (GA3) containing MS media for plantlet formation.
Physiological measurements
The cultures were observed periodically during incubation and physiological measurements taken from three replicates, which were used for periodic measurements during calli growth and somatic embryogenesis. Calli growth was calculated as final callus weight -initial callus weight. Duncan's multiple range test (P = 0.05) was used for analyzing the data and mean were presented in Table 1 with the ± standard deviations.
Histological analyses
Embryogenic calli and somatic embryos at different stages of development were fixated with 3% glutaraldehyde and transferred to paraffin blocks. Sections from materials were stained with hematoxilen, examined under light microscope and microphotographs were taken.
Results

Induction and proliferation of callus
Calli were observed starting after one week to one month of culture on MS media supplemented with 1 mg/L BAP + 2 mg/L kinetin from hypocotyls explants. Thirty-five percent of hypocotyls explants produced dense calli around the explants (Fig. 1a ). Calli were homogenous, friable and grayish yellow in color. 0.4 g of friable calli pieces was used for each BR treatment experiments.
Differentiation and development of somatic embryos After 10 weeks of culture, the friable calli differentiated into the white clumps of embryogenic calli with different stages of somatic embryos (Fig. 1b ). Exogenous exposure to different concentrations of BR effected color-form of calli and produced developmental changes within the regeneration process. Calli became more compact brownish homogenous in color during the BR applications. Experiments resulted in an increase in somatic embryo formation and especially maturation in 0.5 µM BR-treated cultures on the 10 th week of development ( Fig. 1c,d and Table 1 ). The total number of somatic embryos on different replicates on BR at 0.5 µM was highest (57) while it was 39 in the control media. In addition to these data the total number of somatic embryos at cotyledonary stage were 21 out of 57, while it was 3/39 in the control material. In other BR-treated (0.1 and 1.0 µM) materials, no cotyledonary stage embryos were observed while total number of other stage embryos was 27 and 9, respectively, on the 10 th week of development. In these BR treatments maturation of somatic embryos into cotyledonary stage was very slow and somehow incomplete.
Fresh calli weight also showed significant differences from the control group on the 10 th week of development in cultures exposed to exogenous BR. Wet 
a The values are expressed as fresh weight of Gossypium hirsutum L., cv. Cooker, on MS basal media containing different concentrations of BR and on BR-free medium (control) after 10 weeks of culture. They are the mean ± standard deviation of three repeated experiments. Means followed by the same letters are not significantly different at P < 0.05 according to Duncan's multiple range test. weight of calli growth was greater in control cultures (average 1.8 ± 0.2 g) than in the other BR applications along with BAP and kinetin, and it was lowest at 0.5 µM BR applied material (average 0.4 ± 0.0 g) (Tab. 1).
Histological analyses
The formation of polyploid cells, which were seen as elongated, rounded large nuclei or variable number of rounded nuclei/divisions without walls separating them during early somatic embryogenesis, were observed around the small dividing cells during microscopic analyses of BR-treated embryogenic calli. They were absent in control material during somatic embryogenesis (Fig. 2) .
Plantlet regeneration from somatic embryos
Maturated embryos on hormone-free MS media then transferred to gibberellic acid (GA 3 ) containing MS media gave rise to normal looking plantlets both in the control and BR-treated materials with a germination frequency of 30%.
Discussion
BR treatments effected negatively the in vitro growth of cotton calli and stimulated regeneration via somatic embryogenesis especially maturation phase in 0.5 µM BR-treated cultures on the 10 th week of development. Azpeitia et al. (2003) performed the first study related to BR effects on somatic embryogenesis in plumule explants of Cocos nucifera. They exposed the explants during the preculture period to different concentrations of BR and explants responded favorably to the BR increasing their capacity to form initial callus, embryogenic callus and somatic embryos. After exposing to 0.01 or 0.1 µM BR, 10.8 somatic embryos per explant vs. 3.8 somatic embryos control untreated explants was formed in their study. Although their protocol is an auxin-based protocol for somatic embryogenesis and our protocol is a cytokinin-based protocol, we were able to observe similar effects stimulating mainly cotyledonary phase of somatic embryogenesis. In conifers and rice, using 0.005-0.25 µM BR, Pulmann et al. (2003) indicated 0.1 µM BR improvement of extrusion, initiation and the weight of embryogenic tissue per explant up to 66% in loblolly pine (megagametophyt explants) and 10% in rice (mature embryo explants). In our case we do not observe increase whereas decrease in all BR treatments in fresh weight of embryogenic calli. The differences in the results could be related to media, genotype differences and explant type. In addition, since we observed more polyploid cells, the indication of no occurrence of cell divisions could also be due to the weight of the calli. Lu et al. (2003) also reported BR effect on callus growth and shoot regeneration in Spartina patens at 0.03 mg/L. When all these data are evaluated together, BR affects regeneration potentials positively and BR applications could be useful for regeneration of recalcitrant genotypes. A strong synergistic interaction between auxin and BR has been demonstrated (Mandava, 1988) . There are also reports on brassinosteroids in the culture medium as a cytokinin substitute or complement (Gar-cia, 2000; Nunez et al., 2004) . They used spirostane analogues of BR with BAP for callus formation and regeneration in lettuce, indicated the stimulation of callus formation and improved the percentage of explants regenerated. In our cotton regeneration system (Aydin et al., 2004) 1 mg/L BAP + 2 mg/L kinetin were used and addition of BR to culture media in the way similar to a synergistic manner stimulated the somatic embryogenesis especially maturation phase of somatic embryos. Because of increasing attention on understanding of BR-induced signaling, gene expression analyses will be helpful explanation of BR synergistic actions and may promise applications in the future (Sasse, 2003) .
Spontaneous polyploidisation could be the result of endoreduplication or nuclear fusions observed on BR-treated calli. Endoreduplication generally occurs in cells terminally differentiated and is well documented in the endosperm and cotyledons (Larkins et al., 2001) . Endoreduplication also occurred following long-time of culturing period (Gozukirmizi et al., 1990) . Recently, Testillano et al. (2004) analyzed the chromosome doubling process during the early stages of the in vitro maize microspore embryogenesis. They pointed out the 5/7-day stage in the embryonic domain polyploidy in the endosperm domain of the microspore derivatives. The polyploid cells around small dividing cells, which we observed, could also be the result of nuclear fusions since in some cells rounded nuclei (2,3,4)/abnormal divisions (2) without cell walls separating them on cultured material. These structures most probably indicated the endosperm domain of somatic embryos in the BR-treated calli. Stimulating fibers elongation during the exogenous application of BR in ovule cultures (Sun et al., 2005) could also be related to the polyploidisation of some target epidermal cells due to the polyploid nature of developing cotton fibers cells (Van't Hof, 1999) .
In conclusion, exposure to exogenous BR (0.5 µM) in cultured calli growth conditions stimulated increases in somatic embryo formation and transition to maturation phases. These results suggest that BR may be able to exhibit the synergistic function with cytokinins as a hormone in modifying gene expression and induction in maturation of somatic embryos. Spontaneous polyploidisation was also observed on BR-treated calli; this event could be responsible for induction and growth of somatic embryos. Our research on BR effects on somatic embryogenesis is continuing with possible somatic embryo-related gene expression analyses. The use of brassinosteroid during cotton regeneration could be beneficial and lead to more efficient transformation protocols for cotton improvement.
